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I. Background 
  When we read, visual word forms are automatically transformed into sounds. 
The way in which visual word forms are represented in our brain has been a long-standing 
question. Neuropsychological and neuroimaging studies have implicated the left fusiform 
gyrus in the ventral visual pathway, which plays a critical role in visual word form 
processing. Furthermore, neurophysiological studies have shown that object recognition 
is carried out in the ventral visual pathway hierarchically, such that the size of the neurons’ 
receptive fields increases from the posterior occipital to the anterior inferior temporal 
cortex. This evidence has led researchers to speculate that visual word forms are 
hierarchically represented in the ventral visual pathway, with the posterior occipital 
cortex processing lower visual features such as orientation and fragments, and the 
anterior inferior temporal cortex processing abstracted information such as visual word 
forms (Dehaene, Cohen, Sigman, & Vinckier, 2005). This hypothesis was assessed 
empirically using an alphabetic script and functional magnetic resonance imaging (fMRI) 
(Vinckier et al., 2007). In this study, literate adults were exposed to (1) false fonts, (2) 
infrequent letters, (3) frequent letters, (4) frequent bigrams, (5) frequent quadrigrams, and 
(6) words. A posterior-to-anterior gradient was observed in the left occipito-temporal 
cortex, with false fonts (1) activating the most posterior regions and frequent quadrigrams 
(5) activating the anterior-most regions. These results support the hypothesis that 
hierarchical word form processing occurs in the left occipito-temporal cortex. 
The properties of Japanese Kanji characters are unique, as they differ from those 
of alphabetic scripts. Each Kanji character consists of radicals, which are combinations of 
strokes. It is therefore important to understand how visual forms of Japanese Kanji 
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characters are recognized. There have not been many studies on Japanese Kanji 
characters, although a series of cognitive psychology studies have been done to 
investigate whether Chinese characters are processed holistically or hierarchically. 
Results of several of these studies indicate that the number of strokes in a Chinese 
character influences performance on character naming and lexical decision tasks (Leong, 
Cheng, & Mulcahy, 1987; Tan, Hoosain, & Peng, 1995). This implies that stroke and/or 
related visual features are processed before processing of the whole character. 
Furthermore, radical frequency significantly affected lexical decision time in a lexical 
decision task (Taft and Zhu 1997), and high-frequency radicals produced shorter naming 
times in a character-naming task (Han 1994). Based on these behavioral experiments, 
Taft, Zhu, and Peng (1999) proposed a multilevel interactive-activation framework for 
Chinese characters, which consists of multiple levels of lexicons, such as strokes, radicals, 
and characters, that interactively connect with one another. This model was based on an 
interactive-activation framework for reading that was originally proposed for 
non-logographic scripts, which comprise different levels of units, such as words, letters, 
and features (McClelland & Rumelhart, 1981; Rumelhart & McClelland, 1982). A 
comparison of the interactive-activation models for Chinese and non-logographic scripts 
shows that Chinese characters are processed hierarchically (i.e., radicals and strokes are 
processed first), whereas letters of an alphabet are processed via coding combinations of 
local features. Further behavioral studies have been done that confirm that Chinese 
character processing can be explained with a multilevel interactive-activation framework 
(Su, Mak, Cheung, & Law, 2012; Zhou, Peng, Zheng, Su, & Wang, 2012). 
 Neural mechanisms of visual form processing for Japanese Kanji characters are 
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worth investigating for numerous reasons. First, the surface forms of Japanese Kanji 
characters and alphabetic scripts are quite different. Second, children with developmental 
dyslexia might have difficulties in hierarchical word form processing, although the 
underlying mechanism is not well understood (van der Mark et al. 2011). To our 
knowledge, hierarchical visual processing of Japanese Kanji characters has not 
previously been examined using neuroimaging techniques. 
In this study, the processing of hierarchical structures of Japanese Kanji 
characters, such as strokes, radicals, and whole characters, in the ventral visual pathway 
was investigated. In particular, functional magnetic resonance imaging (fMRI) was used 
to determine whether visual character form processing of Japanese Kanji characters 
occurs in a posterior-to-anterior manner within the occipito-temporal cortex. In the first 
experiment, activation of the ventral visual pathway in response to hierarchical 
structures of Japanese Kanji characters was examined. As Japanese Kanji characters are 
visually complex and may be more similar to objects than to alphabetic words, it was 
also important to determine whether the processing of these characters is similar to the 
processing of objects. Thus, the second experiment expanded upon the first in that the 
brain activation patterns in response to objects were compared to the activation patterns 
in response to Kanji characters. In summary, this study examined the representation of 
the visual character forms of Japanese Kanji characters in the left ventral visual pathway 
and compared this hierarchical representation pattern to the representation of objects in 
this same brain region. 
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II. Visual form processing of Japanese Kanji characters 
1. Purpose 
The purpose of the first experiment was to investigate the activation of the ventral 
visual pathway in response to different structures of Japanese Kanji, such as strokes, 
radicals, and whole characters. To examine hierarchical visual processing, participants 
were exposed to (1) real Kanji characters (complete structures of characters), (2) pseudo 
Kanji characters (characters that are only legitimate at the radical level), (3) artificial 
characters (characters containing only strokes), and (4) checkerboard (an optical stimulus 
as a control). Activation of the posterior–anterior axis within the left occipito-temporal 
region was then measured to determine whether character types were represented in order 
of the structural complexity of the stimuli, from fragments (3) to complete characters (1). 
2. Materials and methods 
Participants 
Twenty-eight healthy, right-handed, native Japanese speakers (mean age = 21.7 
years, SD = 2.3 years, age range: 18–28 years, 13 males, 15 females) with normal or 
corrected vision and without language or speech impediments were recruited in the 
present study. 
Stimuli 
Four types of stimuli were designed: 1) real Kanji characters, 2) pseudo Kanji 
characters, 3) artificial characters, and 4) a checkerboard pattern. Pseudo Kanji 
characters were constructed by replacing the subcomponents of a real Kanji character 
with a radical from another real Kanji character, such that the pseudo Kanji stimuli 
include real subcomponents but are not fully structured as real Kanji characters. 
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Artificial characters were prepared by first decomposing Kanji subcomponents and then 
randomly recomposing them to generate artificial characters that were unpronounceable, 
meaningless, and never included Kanji subcomponents.  
Experimental design 
 Participants were required to judge the size of the character (large or small) and 
press a response button with his/her right index or middle finger if the stimulus was large 
or small, respectively.  
fMRI data acquisition and analysis 
 Functional and anatomical brain images were obtained with a Siemens 1.5 
Tesla MRI system and the functional imaging data was analyzed using SPM8. 
3. Results 
The peak regions for the artificial, pseudo Kanji, and real Kanji characters 
appeared to be located in the left occipito-temporal cortex in a posterior to anterior order. 
Conversely, in the right occipito-temporal cortex, the peak locations for real and pseudo 
Kanji characters were adjacent to each other. 
 To statistically assess whether the real Kanji, pseudo Kanji, and artificial 
characters produced different spatial patterns of brain activation within the left inferior 
occipital-temporal cortex when compared to the pattern of activation of the 
checkerboard pattern, consecutive regions of interests (ROIs) were designated along the 
posterior-to-anterior axis to compare the spatial patterns of activation across the three 
conditions. ROIs were defined based on a previous study (van der Mark et al., 2009) 
and covered the putative visual word form area and the neighboring region. Each 
spherical ROI had a 3 mm radius and were all located along the posterior-to-anterior 
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axis, with a slight decline toward the anterior direction. A three-way repeated ANOVA 
showed a significant main effect of laterality. This result implies different brain 
activation patterns between the left and right occipito-temporal cortex. A two-way 
repeated ANOVA also showed a significant interaction between ROI location (1–5) and 
character type (real, pseudo, and artificial) in the left occipito-temporal cortex. The 
strongest activity was observed in the extreme posterior region (x = −45, y = −75, z = 
−12), with decreasing activation along the posterior-to-anterior axis. Furthermore, 
pseudo Kanji characters evoked the strongest activity in the second-most posterior ROI 
(x = −45, y = −67, z = −13), whereas real Kanji characters elicited the strongest 
activity in the middle ROI (x = −45, y = −59, z = −14). However, the same interactive 
effect was not found in the right occipito-temporal cortex.  
4. Discussion 
The interaction between ROI location and character type implies that visual 
character forms of Japanese Kanji characters are recognized hierarchically in the left 
occipito-temporal cortex. However, basic cognitive processes for word recognition seem 
similar to the object recognition system. Additionally, surface forms of Japanese Kanji 
characters are more complex than that of alphabetic letters; therefore, their visual 
structures may be quite similar to those of objects. Thus, the spatial distribution patterns 
in the left occipito-temporal cortex for Japanese Kanji characters may reflect brain 
responses for visually complex objects. 
 
III. Visual processing of objects 
1. Purpose 
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The purpose of the second experiment was to determine whether the 
hierarchical spatial distribution patterns in the left occipito-temporal cortex are unique 
to Japanese Kanji characters. To address this question, a task that was similar in design 
to the first experiment was conducted with object stimuli, rather than Japanese Kanji 
stimuli. 
2. Materials and methods 
Participants 
Eighteen healthy, right-handed, native Japanese speakers (mean age = 23.0 
years, SD = 3.1 years, age range: 20–32 years, 9 males, 9 females) with normal or 
corrected vision and without language or speech impediments were recruited to 
participate.  
Stimuli 
The stimuli of this experiment were generated in a similar manner to the 
generation of the Kanji character stimuli. The stimuli included 1) real objects, 2) pseudo 
objects, 3) artificial objects, and 4) control stimuli. Pseudo objects were designed by 
deconstructing the components of real objects (e.g., the handle of a mug) and then 
reconstructing them. These objects were legitimate at the component level but did not 
represent a true object at the whole object level. Artificial objects were created by 
breaking real objects into 8 by 8 columns and reconstructing these broken columns to 
generate, artificial characters that included fragments of objects, but that were not 
meaningful at the subcomponent level. 
Experimental design 
 Similar to the first experiment, participants were required to judge whether the 
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presented stimuli were large or small by pressing a button with his/her right index or 
middle finger, respectively, as quickly and accurately as possible. 
fMRI data acquisition and analysis 
 All fMRI data were acquired with a 3-Tesla Philips Ingenia scanner and the 
functional imaging data was analyzed with SPM12. 
3. Results 
I confirmed that the four types of presented stimuli differentially activated the 
ventral visual pathway, including the bilateral fusiform gyri and the bilateral occipital 
cortices. To evaluate the spatial distribution pattern evoked by each type of object 
stimulus within the bilateral occipito-temporal cortices, brain activation was examined 
in the same consecutive ROIs that were designated in the first experiment. Contrary to 
what was observed with the Japanese Kanji stimuli, a three-way repeated ANOVA 
showed that there was no main effect of laterality. In the bilateral occipito-temporal 
cortices, real and pseudo objects exhibited decreased brain activity along the posterior to 
anterior axis. However, artificial characters showed almost the same brain activity across 
ROIs.  
4. Discussion 
In contrast to what was seen with real and pseudo Japanese Kanji stimuli real 
and pseudo object stimuli evoked a similar spatial distribution pattern of brain activity 
in the bilateral occipito-temporal cortices. The similar brain activation patterns evoked 
by real and pseudo objects might be explained by the fact that real and pseudo objects 
include the same subcomponents, and that a distributed representation of these 
subcomponents exists that is specific to objects. 
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IV. General discussion 
 In the first experiment, a significant interaction between ROI and stimulus type 
(i.e., real Kanji, pseudo Kanji, and artificial characters) was found in the left 
occipito-temporal cortex, but not in the right occipito-temporal cortex. A similar result 
was seen when alphabetic “words” were examined (Vinckier et al., 2007). In this previous 
study, subjects were exposed to strings of false fonts, infrequent letters, frequent letters, 
frequent bigrams, frequent quadrigrams, and words to examine the spatial organization 
pattern within the occipito-temporal cortex. As in the current study, ROIs were 
designated along the posterior-to-anterior axis within the bilateral occipito-temporal 
cortex and brain activity was measured in each ROI. Consistent with our current findings, 
a strong interaction between ROI and stimulus type was seen, but only in the left 
occipito-temporal cortex. However, in this study, similar activation patterns across 
stimulus type in the most posterior ROI was shown in the left occipito-temporal cortex (y 
= −98), but different activation patterns were evoked by different stimuli in the middle 
ROI (y = −56), such that words produced stronger activation than strings of frequent 
letters and bigrams. The mean coordinates of this middle ROI (x = −48, y = −55, z = 
−16) are quite close to the coordinates of the visual word form area (x = −42, y = −57, 
z = −15), which was identified by Cohen et al. (2002). More importantly, this middle 
ROI differs from the ROI in which we saw the highest brain activation for real Kanji 
characters by only 4.6 mm. Based on these findings, it is reasonable to conclude that 
visual forms of Japanese Kanji characters might be recognized in a manner similar to 
alphabetic words. 
As shown in our second experiment, real and pseudo objects produced similar 
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activation patterns, which may reflect columnar representation of objects. Considering 
that the visual word form system has developed as a part of the visual system, it is 
reasonable to hypothesize that visual character form may be represented in a manner 
similar to the neural representation pattern of the object recognition system. This would 
then lead to the possibility that there might be representation columns for radicals that, 
when combined, represent Japanese Kanji characters. However, our results conflict with 
this idea, as real and pseudo Kanji characters produced different spatial distribution 
patterns. Real Kanji characters are pronounceable and provide semantic information, 
whereas pseudo Kanji characters do not. The semantic and/or phonological information 
of real Kanji characters may therefore contribute to the hierarchical spatial distribution 
pattern for Kanji characters.  
In summary, several conclusions can be drawn from these experiments. First, 
visual forms of object and Kanji characters are processed hierarchically within the 
occipito-temporal cortices, such that fragments and subcomponents (i.e., radicals and 
object parts) are processed posterior-to-anterior. However, visual forms of whole objects 
and Kanji characters themselves may be represented as combinations of subcomponents. 
Thus, it is possible that representations of visual character forms of Kanji characters are 
conveyed to the anterior brain region, where the processing of language specific 
information, such as semantic and/or phonological information, may occur. However, my 
results should be interpreted with caution, as our experiment did not directly investigate 
the neural representation of Kanji characters and objects. Future studies are required to 
address this question. 
